To investigate the effects of inulin and oligofructose on cholesterol absorption and excretion of cholesterol, bile acids, energy, nitrogen and minerals in man. Design: Double-blind cross-over study. Setting: Metabolic kitchen with policlinic visits, Sahlgrenska Hospital, Göteborg, Sweden Subjects: Patients with conventional ileostomy because of ulcerative colitis. Interventions: 17 g of inulin, 17 g of oligofructose and 7 g of sucrose were added to a controlled diet during three experimental periods of three days each. Ileostomy effluents were collected and analysed. Differences between experimental and control diet were investigated with the Wilcoxon's sign and values test. Results: Inulin and oligofructose were recovered in the ileostomy effluent to 88% (95% CI, 76-100%) and 89% (64-114%) respectively. Dry solid excretion increased by 14.4 g (11.3-17.5) on inulin, and by 14.7 g (13.0-16.4 g) on oligofructose and energy excretion increased 245 kJ (190-307 kJ) on inulin and 230 kJ (217-315 kJ) on oligofructose compared to control diet (P < 0.05). Cholesterol absorption, excretion of cholesterol, bile acids, nitrogen, fat, calcium, magnesium, zinc and iron were not affected by inulin and oligofructose. Conclusions: Inulin and oligofructose are not digested in the small intestine. They do not affect mineral excretion and hence hardly mineral absorption. They do not increase fat or nitrogen excretion from the small intestine. Any physiological effect of inulin and oligofructose is probably mediated through other mechanisms than altered excretion from the small intestine. Sponsorships: This work was supported by grants from Swedish Council for Agriculture and Forestry, from Gothenburg Medical Society and from ORAFTI Ltd Belgium.
Introduction
Dietary fibre is a general term covering substances which resist hydrolysis in the stomach and the small intestine (Trowell, 1974) , and hence escape digestion in the small intestine. Inulin from chicory is a set of b (2-1) fructans with a chain length between 2 and 60 or more. Oligofructose is a subset of inulin obtained by enzymatic hydrolysis of inulin, with a degree of polymerisation (DP) varying between 2 and 8. Inulin and oligofructose are present as such in many plants where they provide a considerable part of the stored energy . Wheat flour contains 1-4% fructans on solid matter, artichoke 20-65%, asparagus 30%, onion up to 50%. They are apparently not digested in the small intestine but are readily fermented in the large intestine, and could thus be classified as dietary fibre (Roberfroid, 1993) .
In a typical European diet, less than 20 g of dietary fibre are consumed daily (Cummings, 1995) . During the last decades much attention has been paid to the physiological effects of different dietary fibres. Non-fermentable dietary fibres, such as wheat-bran, reduce transit time but hardly affect lipid metabolism, whereas fermentable fibres such as pectins and b-glucans, reduce serum cholesterol but hardly affect transit time (Truswell, 1995) .
It is reasonable to assume that the main effects of highfibre diets on sterol metabolism is due to mechanisms in the small bowel (Truswell, 1995) , although an effect on cholesterol synthesis by propionate from increased fermentation in the colon has been proposed from animal experiments. (Chen et al, 1984) . A close correspondence has been reported between the excretion of cholesterol and bile acids from the small bowel and the effects on serum cholesterol levels (Andersson and Bosaeus, 1993) .
Much less attention has been paid to the physiological effects of inulin and oligofructose, although at least a few grams of inulin and oligofructose are consumed daily . Some animal experiments and observations in humans suggest a serum-cholesterol-lowering effect of inulin and oligofructose (Fiordaliso et al, 1995; Davidson et al, 1996) .
Preliminary reports have shown beneficial effects of fructooligosacharides on diabetic control and serum cholestrol levels (Yamashita et al, 1984) , but the definitive action is still unclear. Patients with conventional ileostomy after total colectomy offer a possibility to investigate the quantity of dietary fibre, minerals, and nutrients, which in normal subjects pass into the large intestine (Sandberg et al, 1981) . Moreover, small bowel excretion of cholesterol and bile acids as well as cholesterol absorption by isotopic techniques, could be studied at the same time (Andersson, 1992) .
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Study design and subjects

Study protocol
The study was designed as a double-blind cross-over trial with 10 subjects acting as their own controls. Diets with inulin or sucrose to identical taste were given for 3 d each in random order. In addition and identical diet with oligofructose was given to 8 of the initial 10 subjects after the first two diets. These 8 subjects were studied during three 3 d periods, on the same weekdays on each diet during three consecutive weeks. The first day of each period was used for adaptation and to minimize any carry-over effects from the habitual diets of the participants. Between the dietary periods there was a wash-out period of 4 d. Informed consent was obtained from the study participants. The study protocol was approved by the ethical committee of Sahlgrenska Hospital.
Subjects
Clinical data on subjects are given in Table 1 . Ten subjects (5 women and 5 men) with conventional ileostomy due to ulcerative colitis volunteered for the study. Mean age was 54 y (range 30-71 y) and mean body weight 68 kg (range 52-87). No additional intestinal resection had been performed, and all had stable ileostomy functions. No signs of additional thyroid, renal, pancreatic, hepatic disease, inflammation or anaemia were revealed through medical history or standard laboratory tests. The mean serum cholesterol level was 6.3 (s.d. 1.6) mmol/l and mean serum triglyceride level 1.1 (s.d. 0.4) mmol/l.
Materials and methods
Food
All food was prepared in advance in a metabolic ward kitchen from the same batches of fat, meat, fish and flour for the inulin and sucrose periods. All items were weighed to nearest 0.1 g on a Sigma scale. For the oligofructose periods the fat batches were identical with the earlier balance periods. Dishes were stored deep-frozen in special containers until served in the same containers to minimise losses. Composition of the control diet is given in Table 2. 19.4 g of inulin was given during the inulin period; (Raftiline 1 ST), containing 92% inulin on dry solids and a DS content of 95%, with an average degree of polymerisation of 10 (range 2-65) corresponding to a theoretical amount of 17.0 g of pure inulin. During the oligofructose period 19.0 g oligofructose was given; (Raftilose 1 P95), containing 95% oligofructose on dry solids and a DS content of 95%, with an average degree of polymerisation of 4 (range 2-8) corresponding to a theoretical amount of 17.1 g of pure oligofructose. Inulin and oligofructose were added to the recipes and included in the dishes, divided into three doses given at breakfast, lunch, and dinner. In the sucrose period 7.5 g of sucrose was added to the recipes in order to make the dishes indistinguishable.
On the second day 4.6 kBq (125 nCi) of [beta-4-C14]-sitosterol (specific activity 20 kBq/mmol), and 19.2 kBq (250 nCi) of [1a, 2a-n-H3]-cholesterol (specific activity 1.79 MBq/mmol) were added in three equal doses to breakfast, lunch and dinner. Isotopes were purchased from Amersham International, Buckinghamshire, UK.
Breakfast consisted of cheese rolls, orange juice, coffee or tea. Cod with broccoli and sauce béchamel was served with polished rice for lunch. Dinner was composed of filet of pork with mushroom sauce and boiled potatoes together with lettuce and a banana for desert. Tea, coffee and rolls were served as snacks and the evening meal. Breakfast was served in the metabolic kitchen at the department, and food for the rest of the day was given to each subject in the morning.
No other food was allowed during the study period. Drinks were coffee, tea, mineral water or light beer, in fixed amounts for each individual during all study periods. The diet was composed or ordinary food items with the same menu in all study periods. All meals were eaten at fixed times. To meet the different energy requirements for each subject special rolls were prepared. The rolls had the same proportions of fat, protein, carbohydrate, cholesterol and fibre as in the basal menu. The composition of the diet was calculated from extended food composition tables (Swedish Food Administration, 1992) using a software PC-Dietist 5.6 (Kost Näringsdata, Stockholm, Sweden), and from analyses of energy, nitrogen, minerals, cholesterol and dietary fibre.
Analyses
Ileostomy effluents were collected on the second and third day of each dietary period in seven plastic bags every second hour during the day (8 am to 10 pm), once or twice during the night and immediately frozen on dry ice in thermos vessels (Karsruher glastechnik, Karlsruhe, Ger- 
many). The effluents were then lyophilised to constant weight and meticulously ground and mixed prior to analysis. Duplicate portions of the diets were mixed and lyophilised in the same way. Energy content was measured by combustion in a Gallenkamp (Loughborough, Leicestershire, UK) bomb calorimeter. Fat in ileostomy effluent was determined according to van de Kamer (van de Kamer et al, 1949) . Nitrogen was assayed by a modified micro-Kjeldahl technique (Sandberg et al, 1981) . Magnesium, calcium, iron and zinc were determined on a atomic absorption spectrophotometer. Dietary fibre except fructans was measured by the AOAC-method after enzymatic hydrolysis according to Asp (Asp et al, 1983) . Cholesterol, plant sterols and (in ileostomy effluents) bile acids were determined by gas liquid chromatography as described previously, with a coefficient of variation of 2.6-4% (Bosaeus and Andersson, 1987) . Isotope activities were assayed by liquid scintillation counting in a Beckman Tricarb 1900TR as described previously (Ellegård and Bosaeus, 1994) . Variation in duplicate analysis were 3.3% for [3H]-cholesterol and 2.8% for [14C]-b-sitosterol.
Inulin and oligofructose were determined as fructose and glucose by capillary gas chromatography before and after complete enzymatic hydrolysis (Quemener et al, 1994; De Leenheer and Hoebregs, 1994; Van Loo, 1996) .
Calculations and statistical methods
Values on wet weight, dry weight, bile acid, fat, nitrogen, calcium, magnesium, iron, zinc and energy excretion are reported as means for each dietary period. Net cholesterol and net sterol excretion were calculated as follows Net cholesterol excretion cholesterol in effluent-cholesterol in food Net sterol excretion bile acids in effluent net cholesterol excretion Fractional cholesterol absorption was calculated from isotope-ratios for the first 24 h following isotope ingestion using the equation of Quintao (Quintao et al, 1971) .
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(radioactivity in administered C-14-beta-sitosterol/radioactivity in administered H-3 cholesterol)) 6 100. Absolute absorption of cholesterol was calculated as: (cholesterol intake 6 fractional cholesterol absorption). All descriptive values are given as mean for 24 h with 95% confidence intervals unless otherwise stated. Comparisons of data for the dietary periods were made by Wilcoxon's signed ranks test, using Systat 5.1, (Systat Inc. Evanston, Ill, USA) for the calculations. 
Results
None of the subjects noticed any difference between the three diets, indicating that doses of 17 g of inulin and oligofructose are well tolerated. The fructan diets resulted in higher ileostomy dry weights compared to the sucrose diet, although there was no significant increase in total ileostomy output as measured by wet weight. The amount of inulin recovered from the inulin diet was 17.1 g according to analysis and the amount of oligofructose recovered from the oligofructose diet was 15.5 g, compared to the theoretical figures of 17.0 g and 17.1 g respectively. Data on excretion and absorption are given in Table 3 . There was 14.4 g and 14.7 g more excretion calculated as dry weight from the inulin and oligofructose diets respectively. The excretion of fat and and nitrogen was hardly affected by diet, although there was a tendency to higher excretion in the fructan periods. Energy excretion was 245 kJ and 230 kJ (217-315) higher on the inulin and oligofructose diets as compared to the sucrose diet. Mean excretion of inulin in ileostomy effluent was 15.0 g (13.0-17.0) corresponding to 88% (76-100%) inulin recovery whereas mean oligofructose excretion was 13.8 g (9.8-17.7) corresponding to 89% (54-114%) oligofructose recovery.
Total starch was excreted to the same amount on all three diets.
The excretion of minerals was also totally unaffected by inulin and oligofructose. Excretion of cholesterol and bile acids showed no difference between the diets. Cholesterol absorption averaged 63% (57-69) on the sucrose diet, and was practically unaffected by oligofructose and inulin. Mean recovery of added non-absorbable b -sitosterol was 89% within 24 h and 94% within 48 h.
Discussion
Balance studies in ileostomy subjects make it possible to accurately detect rapid changes in absorption and excretion over the small bowel, mainly due to short transit time and minimised bacterial degradation (Andersson, 1992a) . In the present study 17.1 g of inulin, 15.5 g of oligofructose and 7.5 g of sucrose were given to ileostomy subjects on a controlled western-style diet. The fructans were well tolerated, and were recovered in the ileostomy bags by 88% for inulin and 89% for oligofructose. These recoveries are similar to the recovery of the non-absorbable steroid sitosterol, and are in close agreement with other studies on inulin excretion in ileostomy subjects. (Bach-Knudsen and Hessov, 1995) . Identical recoveries of arabinose (88%), xylose (89%) and glucose (89%) from wheat bran have been reported from an original ileostomy study from our department (Sandberg et al, 1981) . Thus, inulin and oligofructose in the preparations used in this study are resistant to digestion in the human stomach and small intestine. The inulin was unaffected by the preparation of the diet whereas the actual amount of oligofructose was lower than theoretically calculated, 15.5 and 17.7 g respectively, indicating a possible 10% hydrolysis during preparation.
The fructans do not seem to affect the apparent absorption of nutrients from the small bowel as the excretion of nitrogen, fat, calcium, magnesium, zinc, iron, cholesterol and bile acids were virtually the same on all three diets. The current AOAC-method for determination of dietary fibre, as used in this study, does not include fructans.
Earlier studies in ileostomy subjects have shown a correlation between the serum cholesterol lowering property of a dietary fibre product and small bowel excretion (Anderson, 1992) . Citrus pectin (Bosaeus et al, 1986) and oat bran (Zhang et al, 1992) , known to reduce serum cholesterol increased ileal bile acid excretion. Wheat bran, without effect on serum lipids, did not induce any significant change in sterol excretion (Bosaeus et al, 1986) . Ileostomy studies with 3 days on each dietary period, with the same number of subjects, given 15 g pectin, or 15 g of mixed dietary fibres from unrefined food, could detect changes in sterol excretion of 15%. (Andersson and Bosaeus, 1993) . Thus, from this study, it seems unlikely that inulin and oligofructose in the similar doses would induce such effects on sterol (or lipid) excretion from the small bowel. However, an extraintestinal hypocholesterolaemic mechanism has been advocated. Propionate, after absorption from the colon as a fermentable product from carbohydrate breakdown, has been suggested to suppress cholesterol synthesis in rat liver (Chen et al, 1984) . Different experiments in animals to test this hypothesis have given conflicting results (Nishimura et al, 1993; Moundras et al, 1994; Fiordaliso et al, 1995) . In man (Lairon, 1996) , however, it seems unlikely that this mechanism may be of clinical importance as oat bran reduces LDL-cholesterol levels considerably in ileostomy subjects (Zhang et al, 1991) , who only produce insignificant amounts of propionate (Cummings and Englyst, 1991) . Moreover, in vitro experiments have shown human hepatocytes to be much less sensitive to propionate than rat hepatocytes (Lin et al, 1995) , and the different results could thus be due to species differences.
Inulin and oligofructose have profound effects on the colonic microflora. The endogenous Bifidobacteria are favoured by these substances, whereas other strains of bacteria are constricted. (Gibson et al, 1995) . The present study shows that almost 90% of the inulin and oligofructose in the diet pass through the small bowel and that the absorption of other nutrients seems to be unaffected by these substances. The energy contribution to the colon increases about 25% by the intake of 16-17 g of inulin and oligofructose to the basal experimental diet. The increase in energy excretion (246 and 230 kJ) respectively is neatly accounted for by the excretion of 14.5 g inulin and 13.8 g oligofructose which yield 246-235 kJ as measured by bomb calorimetry. This increase should be sufficient to change the dominant bacterial pattern in faecal analyses (Gibson et al, 1995) .
Inulin and oligofructose are recovered to approximately 90% from ileostomy effluents, suggesting only minor hydrolysis or bacterial degradation during intestinal passage. The latter seems unlikely as there are only traces of secondary bile acids, as a sign of bacterial degradation, present in the ileostomy effluents. However, some degradation of inulin and oligofructose in the ileostomy bags cannot be excluded. Bach-Knudsen and Hessov (1995) found increased amounts of short chain fatty acids in a similar ileostomy study during less frequent sample collection during the night, compared to every 2 h during daytime. This indicates a possible post-ileum polysaccharide degradation, but it seems to amount to 10% degradation of inulin and oligofructose at the most
In conclusion, the present study did not show any effects of 16-17 g of inulin or oligofructose on the absorption of cholesterol, or the excretion of fat, cholesterol, bile acids, calcium, magnesium, zinc or iron. Thus, the systemic I n u l i n a 
